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TITLE OF THE INVENTION 

BATTERY CHARGER WITH IMPROVED TERMINAL PROTECTION 

RELATED APPLICATION 

This application claims priority on Japanese Patent Application No. 2002-306123 
filed on October 21, 2002. 

BACKGROUND OF THE INVENTION 
Field of the Invention 

The present invention relates to chargers for use with battery packs which are used to 
run electric power tools. More particularly, the present invention relates to a battery pack 
charger with an improved mechanism for protecting its terminals. 

Description of the Related Art 

One type of known battery charger includes a connecting portion, such as a pair of 
guide rails protruding therefrom on which a battery pack is set for charging. A battery pack 
to be charged by such a charger typically includes a pair of slide rails provided on the surface 
of the battery pack that is set on the charger during a charge. The slide rails can be engaged 
with and slid along the guide rails of the charger in order to removably set the pack in place on 
the charger. When the battery pack is attached to the charger by sliding of the pack's slide 
rails along the charger's guide rails, electrical contact is established between the charge 
terminals and communication terminals provided on the connecting portion of the charger and 
the charge/discharge terminals and communication terminal of the battery pack. 

While this type of battery charger achieves its intended objective, it is not free from 
certain problems and inconveniences, thus leaving room for improvement. For example, as 
the terminals of a charger of this type are exposed at the connecting portion to the external 
environment when the battery pack is not attached to the charger, the terminals may break or 
otherwise suffer damage that may result, for example, from the charger dropping to the floor or, 
conversely, by an object falling onto the charger. In view of such problems, Japan Published 
Unexamined Patent Application No. 2001-128372 proposes a charger that includes a terminal 
cover in a connecting portion where a battery pack is attached. According to the disclosure, 
the terminal cover is adapted to cover the charger terminals when the battery pack is not 
attached to the connecting portion and to be actuated by a motion of attaching the battery pack 
to the connecting portion to expose the charger terminals when the pack is attached to the 
connecting portion. 

While this improved arrangement achieves its intended objective, it still suffers from 
certain deficiencies that reduce the utility of the device. For example, the terminal cover of 
the aforementioned disclosure is adapted to rotate between a protruding position, in which the 
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cover protrudes from the housing and the connection portion so as to cover the charger 
terminals from the front of the charger, and a retracted position, in which the cover is retracted 
inside the housing in the direction of the slide of the battery pack so as to expose the charger 
terminals. This particular arrangement requires a through-hole in the charger housing so as to 
permit the protrusion and retraction of the terminal cover. Depending on the working 
environment, such as in outdoor environments, this arrangement is susceptible to ingression of 
rain, dust, and other foreign matter through the through-hole, thereby causing short-circuiting 
or other such failures. 

Another disadvantage associated with the foregoing device is the need to allocate or 
reserve the space within the housing to allow the terminal cover to be retracted inside the 
charger. This results in otherwise unnecessary increases in the size of the entire device. 

SUMMARY OF THE INVENTION 

In view of the above-identified problems, an important object of the present 
invention is to provide a charger that protects the terminals from damage and ensures high 
waterproofing and dustproofing for the terminals while maintaining the relatively small size of 
the charger. 

The above objects and other related objects are realized by the invention, which 
provides a charger comprising: a housing including on an outside surface thereof a connecting 
portion to which a battery pack is attached by a slide of the battery pack in a predetermined 
direction on the connecting portion; a plurality of terminals provided in the connecting portion 
for establishing electrical connection with the battery pack upon attachment of the battery pack 
to the connecting portion; urging means; and protective means provided on the connecting 
portion and capable of linear movement in the predetermined direction. In this charger, under 
normal operating conditions, the protective means is urged by the urging means to a covering 
position in which the protective means covers the terminals, and when the battery pack is 
attached to the connecting portion, the protective means is adapted so as to be abutted and 
moved by the battery pack to a withdrawn position in which the terminals are exposed. 

According to the charger, when the battery pack is not set on the charger, the 
protective means is located over the terminals, ensuring protection of the terminals from 
objects falling onto the connecting portion or from damage to the terminals caused by the 
charger falling to the floor or the ground. Further, the protective means is brought into 
contact by the battery pack and linearly slid to a covering position by the forward slide of the 
pack during its attachment to the charger. The protective means prevents exposure of the 
through-holes when the charger is not used. This maintains the waterproofing and 
dustproofing of the charger, thus reducing the possibility of failure due to rainwater or other 
foreign matter and enhancing the reliability and durability of the charger. As a further 
advantage offered by the foregoing charger, the protective means can be slid over the 
connecting portion without being retracted inside the housing as required by a certain 
conventional arrangement. Since no additional space need be reserved or allocated within the 
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housing to accommodate the protective means, the charger can be made more compact. 

According to one aspect of the present invention, the charger further comprises a 
terminal block on which the terminals are erected and oriented in the predetermined direction. 
Moreover, the protective means may comprise a slide cover including a top plate and a pair of 
side plates that extend orthogonally downwards from side edges of the top plate and are 
oriented in the predetermined direction. The top plate is located directly over the terminals 
and the side plates flank the terminals when no battery pack is attached to the charger. 

According to another aspect of the present invention, the urging means includes at 
least one coil spring interposed between the slide cover and a portion of the housing below the 
slide cover. The urging means urges the slide cover in the predetermined direction to the 
covering position. 

According to still another aspect of the present invention, the charger further 
comprises means for limiting the movement of the slide cover. The means for limiting the 
movement includes a through-hole which is provided in the outside surface of the housing 
below the slide cover and elongated in the predetermined direction. The means for limiting 
the movement additionally includes a stopper protruding from an under surface of the top plate 
into the elongated through-hole, such that the movement of the slide cover with respect to the 
housing is limited to the movement of the stopper within the elongated through-hole. 

According to yet another aspect of the present invention, the charger further 
comprises means for slidably attaching the stopper to the housing so as to allow the slide cover 
to slide with respect to the housing without being detached from the housing. 

In another embodiment of the present invention, the means for slidably attaching the 
stopper includes a screw which is upwardly tightened into the stopper through the elongated 
through-hole and a washer penetrated by the screw on the elongated through-hole. 

According to one feature of the present invention, the charger further comprises 
guide means provided in the connecting portion for facilitating a slide of the battery pack to 
bring the pack into attachment to the connecting portion. 

According to another feature of the present invention, the guide means includes a 
pair of guide rails extending in parallel with the predetermined direction, and the guide rails 
are adapted to receive the battery pack therebetween during attachment of the battery pack to 
the charger. 

According to still another feature of the present invention, the terminals are located 
between the guide rails. 

The present invention is also directed to a charger comprising: a connecting portion 
on which a battery pack is slid into attachment to the charger; a plurality of terminals provided 
on the connecting portion for establishing electrical connection with the battery pack upon 
attachment of the battery pack to the connecting portion; and a slide cover slidably attached to 
the connecting portion. Furthermore, the slide cover is urged to a first position, in which the 
slide cover snugly covers the terminals. However, during the attachment of the battery pack 
to the connecting portion, the slide cover is abutted and linearly slid by the battery pack to a 
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second position, in which the slide cover no longer covers the terminals. 

Other general and more specific objects of the invention will in part be obvious and 
will in part be evident from the accompanying drawings and descriptions which follow. 

BRIEF DESCRIPTION OF THE ATTACHED DRAWINGS 

For a fuller understanding of the nature and objects of the present invention, 
reference should be made to the following detailed description and the accompanying drawings, 
in which: 

Figure 1 is a perspective view of a battery charger according to the present invention; 
Figure 2 is a plan view of the charger shown in Figure 1; 

Figure 3 is a cross-sectional view of the charger taken along line A-A of Figure 2; 

Figure 4 is a cross-sectional view of the charger taken along line B-B of Figure 2, 
with the front portion of the watertight partition omitted for clarity; 

Figure 5 shows the slide cover of the charger of Figure 1 in six different views; 

Figure 6 is a perspective view of the watertight partition provided on the base plate of 
the charger of Figure 1 ; 

Figure 7 is a perspective view of a battery pack that can be set on the charger of 
Figure 1 for recharging. 

Figure 8 is a plan view of the battery pack shown in Figure 7; and 

Figure 9 is a side elevation showing the battery pack of Figure 7 set in place on the 
charger for a charge. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

A preferred embodiment of the present invention will be described hereinafter with 
reference to the attached drawings. 

Figure 1 is a perspective view of a battery charger 1 in accordance with the present 
invention; Figure 2 is a plan view of the charger 1 ; and Figure 3 is a cross-sectional view of the 
charger 1 taken along line A-A of Figure 2. The charger 1 includes an upper case 3 and a 
base plate 4 fitted together to form a box enclosure 2 encasing a circuit board for charging (not 
shown). A connecting portion 5 is provided on the enclosure's upper surface to which a 
battery pack 40 is attached as shown in Figures 7 and 8. The battery pack 40 includes an 
outer case 41 which contains a plurality of cells. Provided on the top surface of the outer case 
41 are a connection block 42 and a pair of parallel slide rails 43 extending in a forward 
direction (in the direction opposite to the end of the pack's top surface where the connection 
block 42 is located) on both sides of the connection block 42. Each slide rail 43 includes an 
outwardly extending flange 44 along the entire length of the rail, thus forming an inverted 
L-shaped cross section on a plane which extends orthogonal to the aforementioned forward 
direction. Provided in the connection block 42 between the pair of parallel slide rails 43 are a 
pair of charge and discharge terminals 45, a temperature detection terminal 46, and three slits 
47 that partially expose the terminals 45 and 46 for connection to the charger 1 . The battery 
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pack 40 further includes a communication connector terminal 48 and a pair of stoppers 49 
formed on both sides of the connection block 42 at the rear of the battery pack 40. 

Referring again to Figures 1 to 3, the connecting portion 5 of the charger 1 includes a 
pair of parallel guide rails 6 which are spaced apart by a distance greater than the distance 
between the outermost edges of the flanges 44 of the slide rails 43 of the battery pack 40. In 
addition, as also shown in Figure 4, an extension 7 projects a short distance inward from the 
top surface of each guide rail 6. As shown in Figure 9, to set the battery pack 40 on the 
charger 1 , the slide rails 43 of the inverted pack 40 are first inserted between the guide rails 6 
at the rear of the charger 1 (the left end of the charger as seen in Figures 2, 3, and 9 will be 
hereafter referred to as its rear), enabling the guide rails 6 to hold the slide rails 43 
therebetween. The battery pack 40 is then moved forward with the slide rails 43 sliding along 
the guide rails 6 until the stoppers 49 of the battery pack 40 come into abutment with the rear 
ends of the guide rails 6. As best shown in Figures 3 and 9, the entire connecting portion 5 is 
sloped generally downward to the front end thereof so that the weight of the battery pack 40 
facilitates the battery pack's sliding motion and stabilizes the battery pack 40 when the pack is 
set in place. 

Referring again to Figures 2 and 3, the connecting portion 5 of the charger 1 includes 
a rear portion 9 and a front portion 8 which is generally located at a higher plane than the rear 
portion 9 so as to form a transverse step therebetween that spans the guide rails 6. Provided 
in the rear portion 9 is a rectangular hole 10 that is oriented orthogonally to the guide rails 6 
and receives a terminal block 11. As also shown in Figure 4, the terminal block 11 is a 
generally rectangular plate including a pair of charge terminals 12, a temperature detection 
terminal 13, and a communication connector terminal 14 that are erected on the top surface 
thereof and oriented along the shorter sides of the enclosure 3 (i.e., in the direction in which 
the guide rails 6 extend). Additionally, the terminal block 11 includes a retainer flange 15 
provided along the bottom of the terminal block 11. The retainer flange 15 is sized larger 
than the rectangular hole 10 so as to prevent the terminal block 1 1 from slipping out of the hole 
10. The terminal block 11 is upwardly urged by a coil spring 18 interposed between a boss 16 
protruding from the top surface of the base plate 4 and a protrusion 17 on the under surface of 
the terminal block 11, abutting the retainer flange 15 against the under surface of the upper 
case 3 and bringing the terminals to their uppermost position. Furthermore, three guide posts 
1 9 protrude downwards from the under surface of the terminal block 1 1 , tapering to their top 
free ends. One of the guide posts 19 is located behind the protrusion 17, with the remaining 
two located forward of the protrusion 17, adjacent to the lateral side edges of the terminal 
block 1 1 . Three guide tubes 20 protrude from the upper surface of the base plate 4 in the 
positions corresponding to the guide posts 19 so that the posts 19 may be aligned with and 
loosely inserted in the tubes 20, contributing to the proper positioning and stabilization of the 
terminal block 1 1 in its uppermost position. 

Referring to Figures 1-4, a slide cover 21 is mounted on the connecting portion 5 of 
the charger 1, extending in parallel to the guide rails 6 over the boundary between the front 
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portion 8 and the rear portion 9. As also shown in Figure 5, the slide cover 21 includes a flat 
top plate 22 that covers the rear portion 9 and a pair of side plates 23 that extend orthogonally 
downwards from the side edges of the top plate 22, thus forming an approximately U-shaped 
cross-section on a plane which extends orthogonal to the aforementioned forward direction. 
Due to this geometry, the slide cover 21 is slidable on the connecting portion 5 between the 
rear portion 8 and the rear portion 9. An elongated hole 24 is provided at the center of the 
charger's front portion 8, extending in parallel with the guide rails 6. A stopper 25 formed at 
the center of the under surface of the top plate 22 penetrates the elongated hole 24, and a screw 
27 is tightened into the stopper 25 via a washer 26 (see Figure 3) from the bottom of the upper 
case 3. This attaches the slide cover 21 to the upper case 3 in a manner that prevents the slide 
cover from slipping off the upper case while allowing the stopper 25 to slide on the connecting 
portion 5 in back-and-forth strokes within the limitations defined by the elongated hole 24. 

Referring to Figures 2, 3, and 5 in particular, the slide cover 21 additionally includes 
a transverse partition 28 in the rear of the stopper 25 on the under surface of the top plate 22. 
The transverse partition 28 connects the side plates 23 and has approximately the same height 
as that of the side plates 23. An urging means, such as a pair of coil springs 29, is interposed 
between the transverse partition 28 and the rear end of the front portion 8. Accordingly, 
under the normal operating conditions, the slide cover 21 is urged by the biasing force of the 
coil springs 29 to its rearmost position (i.e., the covering position) as shown in Figure 3, in 
which the stopper 5 is brought into abutment with the rear end of the elongated hole 24. In 
this position, the top plate 22 protrudes upward of the rear portion 9 and covers the terminals 
12-14 from above, while the side plates 23 are located along the outward sides of the 
respective charge terminals 12 thus flanking the terminals 12. 

Referring to Figure 4, the molding of the protrusions 7 of the guide rails 6 
necessitates provision of a core hole 30 directly below each protrusion 17 in the upper case 3. 
As also shown in Figure 6, a watertight partition 31 is erected from the upper surface of the 
base plate 4, surrounding the core holes 30 as well as the terminal block 11. Additionally, an 
abutment wall 32 protrudes downward from the under surface of the upper case 3, also 
surrounding the protrusions 7 and the terminal block 1 1 in a configuration generally matching 
the watertight partition 31. The watertight partition 31 is fitted on the entire outer peripheral 
surface of the abutment wall 32, thus defining a cavity 33 directly below the terminal block 11 
and the core holes 30 and sealing off the periphery of the cavity 33. In addition, the bottom 
surface of the base plate 4 is sloped downward to the rear end thereof. The rear right and left 
corners of the watertight partition 31 jut out to define a pair of protrusions 34 extending from 
the rear corners of the continuously sloped bottom surface of the base plate 4, such that the 
portions of the bottom surface within the protrusion 34 are located at the lowest level in the 
bottom surface. A drain hole 35 is provided at the base of each protruding portion 34. 
Furthermore, a pair of guide walls 36 connects the boss 16 to the right and left guide tubes 20. 
A third drain hole 37 is provided in the bottom surface of the base plate 4 adjacent to the apex 
of the guide walls 36, where the guide walls are connected at the boss 16. Accordingly, even 
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if rainwater or other fluid enters the cavity 33 through either or both core holes 30 of the upper 
case 3, the inclination of the bottom surface of the base plate 4 causes such fluid to flow to the 
drain holes 36 and 37 and exit the base plate 4. This protects the circuitry located outside of 
the cavity 33 within the enclosure 2 from short-circuiting. 

To charge the battery pack 40 with a charger 1 thus constructed, the battery pack 40 
is first inverted with the connection block 42 facing downward. The slide rails 43 of the 
battery pack 40 are then placed between the guide rails 6 of the charger's connecting portion 5. 
When the battery pack 40 is slid forward, the pack's connection block 42 abuts against and 
pushes forward the slide cover 21 of the charger 1 against the biasing force of the coil springs 
29. In this way, the slide cover 21 is withdrawn without obstructing the forward slide of the 
battery pack 40. As shown in Figure 9, when the battery pack 40 is slid into place with its 
stoppers 49 abutting the rear ends of the guide rails 6 of the charger 1, the slide cover 21 is 
located in its withdrawn position. As illustrated, in this position, the terminal block 11 is 
exposed and the charge terminals 12, the temperature detection terminal 13, and the 
communication connector terminal 14 of the charger 1 are electrically connected with the 
charge and discharge terminals 45, the temperature detection terminal 46, and the 
communication connector terminal 48, respectively, of the battery pack 40. Furthermore, as 
best shown in Figure 7, a click plate 50 is mounted at the rear of the battery pack 40 so as to be 
urged to the illustrated protruding position by a biasing means (not shown). Referring again 
to Figure 9, when the battery pack 40 is set in place on the charger 1, the click plate 50 fits into 
a recess 5 a at the rear edge of the connecting portion 5 with a sensible click. 

When the battery pack 40 is removed from the connecting portion 5 of the charger 1, 
for example, upon completion of a charge, the battery pack 40 is slid rearward from the 
attachment position of Figure 9, allowing the biasing force of the coil springs 29 to slide the 
slide cover 21 in the rearward direction. The slide cover 21 continues to move rearward with 
the slide of the battery pack 40, until it returns to the covering position (shown in Figures 1-3) 
over the terminal block 1 1 when the battery pack 40 is removed. 

According to the foregoing embodiment, when the battery pack 40 is not set on the 
charger 1, the terminal cover 14 is located over the terminal block 11, ensuring protection of 
the terminals of the terminal block 11 from objects falling onto the connecting portion 5 or 
from damage to the block 11 caused by the charger 1 falling to the floor or the ground. 
Further, as described above, the terminal cover 14 is abutted and linearly slid to a covering 
position by the forward slide of the battery pack 40 during its attachment to the charger 1 . As 
it automatically returns to the covering position upon removal of the battery pack from the 
charger 1, the slide cover 21 prevents exposure of the through-holes when the charger is not 
used. This maintains the waterproofing and dustproofing characteristics of the charger 1 , thus 
reducing the possibility of failure due to rainwater or other foreign matter and enhancing the 
reliability and durability of the charger 1. As a further advantage offered by the foregoing 
embodiment, the slide cover 2 1 can be slid on the connecting portion 5 without being retracted 
inside the box enclosure 2 as required by a certain conventional arrangement. Since no 
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additional space need be reserved or allocated within the enclosure 2 for receiving or 
accommodating the cover 21, the charger 1 can be made more compact. 

It will thus be seen that the present invention efficiently attains the objects set forth 
above, among those made apparent from the preceding description. As other elements may 
be modified, altered, and changed without departing from the scope or spirit of the essential 
characteristics of the present invention, it is to be understood that the above embodiments are 
only an illustration and not restrictive in any sense. For example, the cross-sectional shape of 
the slide cover 21 is not limited to a U-shape as described in the foregoing embodiment, the 
slide cover may be redesigned to have any other shape to suit particular applications, as long as 
such a cover can cover the terminals of the charger 1 . That includes, but is not limited to, a 
semicircular, curved, or simple flat shape. In addition, depending on the arrangement of the 
charger terminals, it is possible to provide a plurality of slide covers instead of a single cover 
as in the foregoing embodiment. Accordingly, the scope or spirit of the present invention is 
limited only by the terms of the appended claims. 

Having described the invention, what is claimed as new and desired to be secured by 
letters patent is: 
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